Introduction {#sec1-1}
============

Diabetes mellitus, a metabolic disorder, is caused either by insufficient insulin secretion (Type-1) or insulin resistance (Type-2) leading to carbohydrates, proteins and fat metabolic disturbance ([@ref1]). According to an evaluation in 2016 by World Health Organization (WHO), an estimated 422 million adults live with diabetes. Type 2 diabetes is more prevalent than type 1 diabetes, comprising of 90% of the world population (WHO 2013)([@ref2]) and it is predicted that diabetes would be the 7th leading cause of death by 2030 ([@ref3]). India is among the top three countries with highest diabetic population, with over 60 million new cases and with over 0.9 million deaths in 2015 ([@ref4]). Postprandial hyperglycaemia (PPHG) is the major risk factor for the development of type 2 diabetes mellitus. Glycated end products, formed due to PPHG, are the major contributors for diabetes complications andaging ([@ref5]). Regulation of blood glucose level to lower PPHG is a recent therapeutic approach to the diabetes management. Oral antidiabetic drugs delay the production or retard the absorption of glucose through inhibition on carbohydrate metabolizing enzymes, alphaamylase and alpha-glucosidase, which are the key enzymes involved in hydrolyzing polysaccharides. This results in slow metabolism that indirectly lowers the postprandial increase in plasma glucose level ([@ref3]). Current therapies available for diabetes include rapid acting, long acting, short acting insulin and various oral antidiabetic agents such as voglibose, miglitol and acarbose which are known to inhibit glucosidase enzymes. However, the above treatment methods are proven to cause side effects like low blood sugar, abdominal distention, bloating, meteorism, flatulence and diarrhea ([@ref6]).

Thusthepresentapproachrequiresidentifyingand exploringforα-amylaseandglucosidase inhibitors with less or no side effects. Indian system of traditional medicine is in practice since thousands of years and has reports of various plants with hypoglycaemic property withfewersideeffects([@ref3]). Inrecent times, several secondary metabolites produced by the plants for self-defence, have received increased attention in the treatment of hyperglycaemia, which is proven to possess different modes of action including delaying glucose absorption through their inhibition on the carbohydrate metabolizing enzymes ([@ref7]).

*Cbonplandianus* Bail, an exotic weed found in riverbanks and other waste lands ([@ref8]), commonly known as Bantulsi in Northern India. It was known to have an exemplary antimicrobial activity. The plant was also shown to possess antioxidant and wound healing properties ([@ref9]). The methanol extract was shown to exhibit cytotoxic effect and the dichloromethane extract was shown to possess inhibitory effect against alpha glucosidase enzyme ([@ref10]). The ethanolic extract of the leaf was already reported to possess alpha amylase inhibitory activity ([@ref11]); thus, the present study was carried out to study the inhibitory effect of the methanolic extract of the plant leaves and its fraction on alpha amylase and alpha glucosidase.

Materials and Methods {#sec1-2}
=====================

Materials {#sec2-1}
---------

Alpha amylase (A3176) from porcine pancreas and alpha glucosidase were obtained from Sigma Aldrich Co, St Louis, USA. The standards --quercetin, ascorbic acid and gallic acid, were procured from Sigma Aldrich Co, St Louis, USA. The solvents methanol, hexane, ethyl acetate, chloroform and dinitrosalicylic acid (DNS) reagent was purchased from SRL Chemicals and DPPH from Himedia.

Plant material {#sec2-2}
--------------

The plant was collected from Chennaiand was authenticated (No:PARC/2011/1021) byDrJayaraman, Director, Plant Anatomy Research Center, Medicinal Plant Research Unit, Tambaram, Tamil Nadu. A voucher specimen is depositedat the Department of Biomedical Sciences, Sri Ramachandra University, Chennai for reference. The healthy leaves were thoroughly washed in running water, shade dried and made into coarse powder.

Extraction and fractionation {#sec2-3}
----------------------------

Leaf powder (500g) was weighed and extracted with 2.5 l of methanol (1:5) by cold percolation method for three days and further fractionated with solvents of increasing polarity i.e. hexane, ethyl acetate and chloroform ([@ref12]). The fractions were filtered using Whatmann'sNo.1 filter paper and kept for evaporation. All the fractions were stored at -20°C.

Phytochemical screening {#sec2-4}
-----------------------

The presence of phytoconstituents such as phenols, flavonoids, alkaloids, tannins, saponins, terpenoids in methanol extract and its fractions was determined according to the standard protocols ([@ref13]).

Quantification of secondary metabolites {#sec2-5}
---------------------------------------

### Estimation of total polyphenol {#sec3-1}

The total phenol content of the crude extract and fractions was quantified using Folin--Ciocalteau reagent ([@ref14]). Briefly, 50µl of 25% sodium carbonate and 20 µl of Folin-Ciocalteau reagent were added to 100µl of the sample. This mixture was shaken thoroughly and the volume was made up to 1 ml with distilled water. The samples were incubated in dark for 1 hrat RT and absorbance was read at 765 nm using gallic acid as standard. The total phenol content was expressed as mg of gallic acid equivalents

### Estimation of total flavonoids {#sec3-2}

The total flavonoid was quantified using aluminium chloride ([@ref14]). The reaction mixture containing 50 µl of the sample, 50 µl of aluminium chloride, 750 µl of 95% ethanol and 50 µl of potassium acetate was made up to 3 ml with distilled water and the tubes were incubated for 30 minat RT. The absorbance of the sample was measured at 415 nm using quercitin as the standard. The total flavonoid content was expressed as mg of quercitin equivalents.

### Estimation of tannin {#sec3-3}

The tannin content was estimated using Folin's phenol reagent ([@ref15]). To 500 µl of the sample, 0.5 ml Folin's phenol reagent and 5 ml of 35% sodium carbonate were added. The samples were incubated for 5 min at RT and the absorbance was read at 640 nm using gallic acid as the standard.

In-vitro antioxidant assays of various fractions {#sec2-6}
------------------------------------------------

### DPPH Free radical scavenging activity {#sec3-4}

The DPPH free radical scavenging activity of the extract is based on reduction of stable radical 2,2-diphenyl-1-picryl hydrazyl (DPPH) in the presence of a hydrogen donor. 190 µl of DPPH and 10 µl of the sample (62.5, 125, 250, 500,& 1000µg/ml)was incubated in dark for 30 min. The absorbance of the sample was read at 517 nm using ascorbic acid as the control ([@ref16]).

### Hydroxyl radical scavenging assay {#sec3-5}

The hydroxyl radicals scavenging activity of the crude extracts and fractions was estimated using deoxyribose method ([@ref17]). The sample (62.5-1000µg/ml) was mixed with FeCl~3~ (100 μM), EDTA (104 μM), H~2~O~2~ (1 mM) and 2-deoxy-D-ribose (2.8 mM) and made up to 1ml with potassium phosphate buffer(20 mM, pH 7.4). The samples were incubated for 1 hr at 37 ºC and 1ml each of TCA (2.8%) and TBA (0.5% in 0.025 M NaOH) were added to the above solution and the absorbance was measured at 532 nm using ascorbic acid as the standard.

Reducing power capacity {#sec2-7}
-----------------------

The reducing power of plant extract and its fractions was determined by their property to reduce ferric (III) to ferrous (II) ([@ref18]). To 1 ml of the sample (62.5-1000µg/ml), 2.5 ml of phosphate buffer (0.2 M, pH=6.6) and 2.5 ml of 1% potassium ferricyanide were added and incubated at 50 °C for 20 min. Subsequently, 2.5 ml of 10% TCA was added to the above mixture and mixed thoroughly. To 2.5 ml of above reaction mixture, 2.5 ml of distilled water and 0.5 ml of 0.1% FeCl~3~ were added and allowed to stand for 10 min. Then, the absorbance was read at 700 nm using ascorbic acid as the standard.

Nitric oxide scavenging assay {#sec2-8}
-----------------------------

Sodium nitroprusside at physiological pH spontaneously generates nitric oxide upon reaction with oxygen produces nitrite ions, which are estimated using Griess reagent ([@ref14]). Half ml of sodium nitroprusside was added to 0.5 ml of the sample(62.5-1000µg/ml)and incubated at 25°Cfor 180 min. Then 0.5ml of Griess reagent was added to the above solution and the absorbance was read immediately at 546nm. The control sample was prepared without plant extract.

Alpha amylase inhibitory assay {#sec2-9}
------------------------------

The assay was carried out according to the standard protocol with slight modifications ([@ref19]). To 1ml of the sample (200-1000µg/ml), 1ml of enzyme solution (0.5mg/ml) was added and incubated at 25°C for 30 min. One ml of 1% starch solution was added to all the tubes and incubated again for 15 min. Finally1 ml of the DNS solution was added and the samples were incubated in boiling water bath for 15 min. The tubes were then cooled and the reaction mixture was diluted with distilled water (1:5) and the orange-yellow colour developed was recorded at 540nm using spectrophotometer. Acarbosewas used as a standard drug.

Alpha glucosidase inhibitory assay {#sec2-10}
----------------------------------

α-Glucosidaseinhibitoryactivityof extract and fractions was studied with minor modification ([@ref20]). Tenμlof sample (200-1000µg/ml) was mixed with50 μl of 0.1 M phosphate buffer (pH 7.0), 25 μl of 0.5 mM 4-nitrophenyl α-D-glucopyranoside (dissolved in 0.1 M phosphate buffer, pH 7.0), and 25 μl of α-glucosidase solution (1 mg/ml in 0.01 M phosphate buffer, pH 7.0) and incubated at 37°C for 30 min. The reaction was terminated by adding 100 μl of 0.2 M sodium carbonate solution. The amount of *p*-nitrophenol released was measured at 410 nm using microplate reader. Acarbose was used as a standard.

GC-MS analysis {#sec2-11}
--------------

Among the different fractions, ChFdisplayed better results against alpha amylase and alpha glucosidase, hence, a GC-MS analysiswas performed to identify the compounds present in this fraction. GC-MS analysis was carried out under following condition. The carrier gas, helium was passed at a constant flow rate of 1.51 ml/min. A sample volume of 2 µl was used and the column temperature was programmed to 70ºC with increasing temperature of 10ºC/min to 300ºC. The mass spectra were obtained through ionization energy of 70 eV in the EI mode. The total running time for the GC-MS studywas 30 min. By comparing with the mass spectra, the organic compound present in the ChF was identified using inbuilt library \[NIST-11\].

Results {#sec1-3}
=======

Phytochemical screening and quantification of secondary metabolites {#sec2-12}
-------------------------------------------------------------------

In the present study, the preliminary phytochemical screening was performed for the crude extract and all the fractions. The results showed the presence of polyphenols, flavonoids, tannins and terpenoids ([Table 1](#T1){ref-type="table"}). Terpenoids were present in crude methanol extract (CE) and chloroform fraction (ChF). The total amount of phenols, flavonoids and tanninswere estimated using the absorbance of respective standards([Table 2](#T2){ref-type="table"}). The total phenols (114.28±0.05 µg/ml of GAE), flavonoids (95.68±0.03 µg/ml of Quercetin) and tannins (63.8±0.009 µg/mlof GAE) were found to be in the order of ChF\>EaF\>HeF\>crude extract.

###### 

Phytochemical analysisof extract and fractions of *C. bonplandianum*

  Phytoconstituents   Crude extract (CE)   Hexane fraction (HeF)   Ethyl acetate fraction (EaF)   Chloroform fraction (ChF)
  ------------------- -------------------- ----------------------- ------------------------------ ---------------------------
  Polyphenols         \+                   \+                      \+                             \+
  Flavanoids          \+                   \+                      \+                             \+
  Tannin              \+                   \+                      \+                             \+
  Saponin             \-                   \-                      \-                             \-
  Steroids            \-                   \-                      \-                             \-
  Terpenoids          \+                   \-                      \-                             \+
  Quinone             \-                   \-                      \-                             \-

###### 

Quantification of secondary metabolite content of extract and fractions of *C. bonplandianus*

  Phytoconstituents   Crude extract (CE) (µg/ml)   Hexane fraction(HeF) (µg/ml)   Ethyl acetate fraction(EaF) (µg/ml)   Chloroform fraction(ChF) (µg/ml)
  ------------------- ---------------------------- ------------------------------ ------------------------------------- ----------------------------------
  Polyphenols         12.3±0.01                    23.27±0.06                     28.57±0.03                            114.28±0.05
  Flavonoids          23.6±0.6                     12.56±0.05                     43.08±0.01                            95.68±0.03
  Tannins             4.57±0.009                   10.87±0.08                     28.9±0.007                            63.8±0.009

DPPH free radical scavengingactivity {#sec2-13}
------------------------------------

The DPPH radical scavenging activity of crude extract and fractions wasfound to be concentration dependent as shown in [Figure 1](#F1){ref-type="fig"}. The standard ascorbic acid showed 98% inhibition with an IC~50~ 3.5µg/ml. The ChF showed excellent scavenging activity with an IC~50~ 72.13 µg/ml followed by CE (133.79 µg/ml), EaF(450.21 µg/ml) and HeF (602.34 µg/ml).

![DPPH radical scavenging assayofextract and fractions of *C. bonplandianus*](IJBMS-20-1390-g001){#F1}

Hydroxyl radical scavenging assay {#sec2-14}
---------------------------------

The hydroxyl radical scavenging activity of the extract and fractions showed concentration dependent activity. The hydroxyl radical scavenging activity of the crude extract and different fractions is shown in [Figure 2](#F2){ref-type="fig"}. Ascorbic acid showed 98% inhibitionwith an IC~50~ value 6.8 µg/ml. The ChF and EaF were found to possess higher hydroxyl radical scavenging activity withIC~50~ of 85.92 µg/ml and 152.91 µg/ml respectively compared to other fractions. The CE (295.25 µg/ml) and HeF (774.81 µg/ml) possessed less hydroxyl radical scavenging activity.

![Hydroxyl radical scavenging assayof extract and fractions of *C.bonplandianus*](IJBMS-20-1390-g002){#F2}

Reducing power activity {#sec2-15}
-----------------------

The radical scavengers in the sample cause reduction of Fe^3+^ ions to Fe^2+^ and the intensity of formed Prussian blue determine the amount of Fe^2+^ read at 700 nm. The samples showed concentration dependent activity. Reducing power activity of the standard, ascorbic acid, at 50µg/ml was found to be 0.700. Theorder of activity were found to be EaF (0.79) \>ChF (0.68)\>CE(0.60) \>HeF (0.45) ([Figure 3](#F3){ref-type="fig"}).

![Reducing power capacityof extract and fractions of *C. Bonplandianus*](IJBMS-20-1390-g003){#F3}

Nitric oxide scavenging assay {#sec2-16}
-----------------------------

Sodium nitroprusside spontaneously generates nitric oxide at physiological pH, while the nitric oxide scavengers compete with oxygen to reduce the production of nitric oxide. The nitric oxide scavenging activity of the extract and fractions showed concentration dependent activity ([Figure 4](#F4){ref-type="fig"}). The IC~50~ value of the standard was found to be 12.6 µg/ml. The ChF (33.80 µg/ml), EaF (57.25µg/ml) and CE (75.31µg/ml)possessed higher nitric oxide scavenging activity and the HeF (344.81 µg/ml.) had less scavenging activity.

![Nitric oxide scavenging assayof extract and fractions of *C. bonplandianus*](IJBMS-20-1390-g004){#F4}

Alpha amylase inhibitory assay {#sec2-17}
------------------------------

Diabetic patients have increased plasma blood glucose level after food consumption. Thus inhibiting the activity of alpha amylase could reduce the glucose absorption in the body, thereby lowering the plasma glucose level. Apart from the CE, different fractions of *C. bonplandianus* were assessed for the alpha amylase inhibitory activity. Acarbose, standard alpha amylase inhibitor drug, showed 92% inhibitory activity with an IC~50~ value of 84.50µg/ml. The ChF (IC~50~ value of 95.78µg/mland CE (IC~50~ of 105.26 µg/ml)were shown to have higher inhibitory activity with92% and 90% respectively ([Figure 5](#F5){ref-type="fig"}). The EaF (IC~50~ of 176.48 µg/ml)and HeF(IC~50~ of 242.48 µg/ml)was shown to possess less inhibitory effect on the amylase.

![Alpha amylase inhibitory assayof extract and fractions of *C.bonplandianus*](IJBMS-20-1390-g005){#F5}

α-glucosidase inhibitory activity {#sec2-18}
---------------------------------

The *invitro*α-glucosidase inhibitory activity of the crude extract and otherfractionsexhibitedconcentra-tion dependent activity ([Figure 6](#F6){ref-type="fig"}). Acarbose showed the highest inhibitory effect of 97% (IC~50~ 107.24 µg/ml). The ChF was shown to possess the highest activity with an IC~50~ value of 126.81 µg/ml followed by EaF (157.89 µg/ml). CE and HeF showed the least inhibitory activity with IC~50~ 679.04 µg/ml and 463.05 µg/ml respectively.

![Alpha glucosidase inhibitory assayof extract and fractions of *C. bonplandianus*](IJBMS-20-1390-g006){#F6}

GC-MS analysis {#sec2-19}
--------------

The GC-MS study revealed the presence of a wide range of phytochemicals which may be responsible for the antioxidant and anti-diabetic activity of ChF. ChFwas found to contain phenol 2,4-bis1,1-dimethyl(4.94%), cyclotetracosane(2.54%), Z-5-nonadecene (3.50%), N-Nonadecenol-1 (2.54%) and 3-eicosene. Phenol,2,4-bis(1,1-dimethyl) was reported to possess antioxidant activity. Cyclotetracosanehasbeen found to have anefficientα-amylase inhibitory activity ([Table 3](#T3){ref-type="table"}).

###### 

Constituents of chloroform extract determined by GC-MS

  Name of the compound           Retention time   Area (%)
  ------------------------------ ---------------- ----------
  Z-5-Nonadecene                 17.813           3.50
  21.394                         2.10             
  19.678                         2.54             
  22.984                         1.05             
  Cyclotetracosane               21.394           2.10
  22.984                         2.54             
  N-Nonadecenol-1                19.678           2.54
  Cycloeicosane                  17.813           3.50
  3-Eicosene                     17.813           3.50
  Z-8---Hexadecene               15.763           4.55
  6-5Heptadecenal                21.394           2.10
  Phenol,2,4-bis(1,1-dimethyl)   12.554           4.94

![](IJBMS-20-1390-g007.jpg)

Discussion {#sec1-4}
==========

Herbal formulations have been in practice since time immemorial and offer effective treatment against several diseases including diabetes. There exists excellent literature in Ayurveda to cure diabetes with medicinal plants. A large number of medicinalplantshavealreadybeenstudiedfor their anti-diabetic properties. Controlling blood sugar level is one of the effective approaches currently usedto reduce the post-prandial hyperglycaemia (PPHG). One therapeutic approach to reduce glucose absorption involves the inhibition of carbohydrate digesting enzymes, α-amylase and α-glucosidase. α-Amylase catalyses the hydrolysis of 1,4-glycosidic linkage in polysaccharides while α-glucosidase hydrolyses disa-ccharides to monosaccharides. Hence, retardation of starch digestion, by inhibiting these enzymes, prevents glucose entry into the systemic circulationand helps in controlling diabetes ([@ref21]). In the present study, anti-hyperglycaemic and antioxidant activities of HeF, EaF and ChF of the *C. bonplandianus* leaves were studied. Among the different fractions studied, ChF and EaF have been shown to possess potent inhibitory activity against the pancreatic enzymes, α-amylase and α-glucosidase. This could be correlated with the content of secondary metabolites such as polyphenols (114.28±0.05 µg/ml&28.57±0.03 µg/ml), tannins (63.8±0.009 µg/ml&28.9±0.007 µg/ml) and flavonoids (95.68±0.03 µg/ml&43.08±0.01 µg/ml). The IC~50~ value for α-amylase and α-glucosidase was found to be 95.78 µg/ml and 126.808 µg/ml (ChF) and 105.26µg/ml and 157.887 µg/ml (EaF) respectively. Acarbose, used as a positive controlrevealed 50% inhibition at 84.50µg/ml forα-amylase and 107.24µg/ml for α-glucosidase. The α-amylase inhibitory activity of the fraction and the extract was found to be concentration dependent. Polyphenols in plants have been reported to exert antioxidant activityand carbohydrate enzyme inhibiting activity, which aid in lowering PPHG in the management of diabetes([@ref22], [@ref23]). The formation of hydrogen bonds between the residues of the active site of amylasewith the hydroxyl groups in polyphenols is believed to be in-charge of the inhibitory activity of the metabolite ([@ref24]). The hypoglycaemic effect of polyphenols could be attributed to the reduction in dietarycarbohydrates absorption, by modulating the glucosemetabolizing enzymes, increased β-cell function and secretion of insulin ([@ref25]). These polyphenols also scavenge reactive oxygen species and prevent cell death ([@ref26]) by increasing the endogenous antioxidative system, thereby improve oxidant/antioxidant balance and attenuate oxidative stress ([@ref27]).

Since an ideal diabetic drug should possess antihyperglycaemic and antioxidant properties ([@ref23]), the fractions were also tested for their *invitro* antioxidant properties through DPPH, nitricoxidescavenging, hydroxyl radical scavenging and reducing power assay. Oxidative stress due to free radical generation and reduced antioxidant activity leads to tissue damage that may further result in atherosclerosis, cancer, coronary heart disease and diabetes ([@ref28]). Reducing the free radical generation with scavengers will further protect against the diabetes-induced complications. Based on the study, ChF showed excellent free radical scavenging property (IC~50~-72.13µg/ml) followed by CE (IC~50~-133.79 µg/ml) towards DPPH. Likewise, ChF showed good activity against hydroxyl radical (IC~50~-85.92µg/ml), nitric oxide (IC~50~-33.80 µg/ml) and reducing activity (0.88 OD at 700nm). Thisproperty may be attributed to the presence of polyphenols and flavonoids present in the ChE.

Amongst the polyphenols investigated, flavonoids have been shown to possess highest inhibitory activity, which could be attributed to the number of hydroxyl groups on the B ring of the flavonoid skeleton. Sales *et al*. and Robert K *et al*. demonstrated that the antioxidant activity of flavonoids is mainly due to its reaction with nitric acid and reduction of formation of peroxynitrite, which otherwise oxidizes directly resulting in irreversible damage to cell membrane ([@ref29], [@ref30]). Hence, it could be speculated that flavonoids present in the plant can be used in the treatment of oxidative stress induced diseases. Therefore, the relationship between thisantihyper-glycaemic effect and antioxidant activity can be correlated with the polyphenol content (114.28±0.05 µg/ml) of the ChF. In the present study result, ChF fraction was found to contain 95.68±0.03 µg/ml of flavonoids, showing potent nitric oxide scavenging activity. The potent inhibitory activity of ChF fraction against α-amylase and α-glucosidase compared to other fractions could be due to high polyphenols content and the antioxidant potential.

Since ChFexhibited potent activity against α-amylase and α-glucosidase, GC-MS analysis was carried outwhich revealed the presence of compounds with numerous biological properties. For instance, phenol,2,4-bis(1,1-dimethyl)a phenolic compound has showngood antioxidant activity ([@ref31]) and cyclotetracosane present in ChF showed α-amylase inhibitory activity in other studies ([@ref32]). Eicosene, a fatty acid in the *Allium atroviolaceum* flower was found to possess antimicrobial activity and antioxidant activity ([@ref33]).

In diabetic condition, hyperglycaemiais a result of high liver glycogenolysis and gluconeogenesiswhich reduces the glucose uptake by cells. The glucosidase inhibitors inhibit the glycogen-debranching enzymes, α-1,6-glucosidase, in the liver which lowers the rate ofglycogenolysis thereby increasing the accumulation of glycogen stores in the liver ([@ref34]).

The plant derived α-amylase and α-glucosidase blockers may offer a potential therapeutic approach for the control of PPHG and also diabetes In this study, the ChF and EaF fraction of *C. bonplandianum* showed significant α-amylase and α-glucosidase inhibitory activity compared to acarbose. This plant could be a prospective alternative complementary medicine in the management of diabetes.

Conclusion {#sec1-5}
==========

The present study aimed to determine the anti-hyperglycaemic and antioxidant activity of the crude methanol extract and its sub-fractionsof *Croton bonplandianus*. The ChF was shown to be possess potentα-amylase andα-glucosidase inhibitory activitywith antioxidant activities compared to other fractions. These potent activities could be related with the phenolic content of the chloroform extract. In future, isolating and identifying the lead compound from the fraction could make a significant contribution in the treatment of diabetes mellitus.
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